Abstract. The aim of the present study was to assess the effect of preoperative acute obstructive pancreatitis on the risk of the occurrence of pancreatic fistula (PF) following pancreaticoduodenectomy. A total of 22 patients who developed postoperative PF were carefully matched with 22 control patients without PF according to demographic data, pancreatic pathology, presenting symptoms and other surgery-associated parameters. These parameters were compared between these two groups. The mean pancreatic apparent diffusion coefficient (ADC) values in the fistula group were 1.14±0.31x10 -3 mm 2 /s, which was significantly decreased compared with the non-fistula group (1.48±0.44x10 -3 mm 2 /s) (P= 0.005). The pancreas-muscle signal intensity (SI) ratio on fat-suppressed T1 weighted image (rT1) in the fistula group was 1.71±0.25, which was significantly increased compared with the non-fistula group (1.25±0.29) (P<0.001). The pancreas-muscle SI ratios on fat-suppressed T2 weighted image (T2WI) in the fistula group and the non-fistula group were 0.72±0.08 and 0.62±0.07, respectively (P= 0.79). There was no significant difference in pancreas-muscle SI ratio on fat-suppressed T2-weighted image (rT2) value between these two groups. Based on the receiver operating characteristic curve, the optimal cut-off value of ADC as a criterion for prediction of pancreatic fistula was 1.29x10 -3 mm 2 /s, which yielded a sensitivity of 77.3% and a specificity of 63.6%. In conclusion, the severity of acute obstructive pancreatitis was negatively associated with ADC values and pancreas-muscle SI ratio on rT1 images, which may be useful for predicting the occurrence of PF preoperatively.
Introduction
Pancreaticoduodenectomy (PD) is the most common and effective surgery for the treatment of pancreatic and periampullary carcinoma (1, 2) . The evolution of surgical techniques and perioperative management had significantly decreased the postoperative complications and mortality in patients (3) (4) (5) . Postoperative pancreatic fistula (PF) remains one of the most dangerous and severe complications following PD (6) . Significant risk factors for increased PF have been demonstrated to be old age, soft pancreatic texture, a large pancreatic remnant volume, small pancreatic duct diameter, increased levels of pancreatic fat, pancreatic pathology and longer surgery times (7) (8) (9) . Occlusion of the primary pancreatic duct by pancreatic head and periampullary tumors often leads to obstructive pancreatitis within a few weeks (10) . The pathology of obstructive pancreatitis is characterized by pancreatic atrophy, fibrosis, and acute and chronic inflammatory infiltrate that may cause the morphological and functional destruction of the pancreas (11) . Furthermore, previous studies have demonstrated that the pancreatic inflammatory environment may serve a critical role in pancreatic cancer progression (12) . The magnetic resonance imaging (MRI) parameters include apparent diffusion coefficient (ADC) value and signal intensity on T1-weighted fat-suppressed images (rT1), which are used to quantitatively analyze differences between pancreatic cancer and pancreatitis (9, 13) . The T2*-corrected Dixon technique and intravoxel incoherent motion (IVIM) diffusion-weighted (DW) imaging have been suggested to assess pancreatic steatosis and fibrosis and predict postoperative PF (8) . However, at present, it remains unclear whether acute preoperative obstructive pancreatitis may be a risk factor for fistula development.
The purpose of the present study was designed to determine whether patients who have acute obstructive pancreatitis preoperatively are more likely to develop a PF compared with matched controls, and if so, to investigate whether the ADC value and signal intensity on rT1 images may be used as a preoperative predictive tool for fistula development. Co., Ltd., Shanghai, China) was administered intravenously every 12 h during the non-oral intake period following surgery and octreotide (100 µg Sandostatin; Novartis International AG, Basel, Switzerland) was administered subcutaneously every 8 h for 5 days. The volume of drained fluids was recorded daily following surgery. The amylase levels in the serum and drainage fluid were measured on the first, third, fifth, seventh and tenth days as described previously (8,16). Serum C-reactive protein and leukocyte count were measured on postoperative day 4. A plain computed tomography scan was performed to detect potential postoperative complications on day 7. According to the definition of the International Study Group on Pancreatic Fistula leak criteria, the postoperative PF was classified into three grades: A, B, and C (17) . Tailoring of the treatment strategies was based on this classification.
Pathological analysis. Pancreatic tissue specimens were fixed in 10% formalin for 8-24 h at 25˚C, dehydrated in an automatic dehydration processor (Shandon Pathcentre; Thermo Fisher Scientific, Inc., Waltham, MA, USA), and embedded in paraffin, and sectioned serially at a thickness of 4 µm following surgical removal. Slides were stained with hematoxylin and eosin (H&E) for 5-20 min at 25˚C and examined under a light microscope (magnification, x200). The severity of acute obstructive pancreatitis was qualitatively assessed by pathological scores as described previously (18, 19) : Graded glandular atrophy, scaled from 0-3; intralobular, interlobular and periductal fibrosis, scaled from 0-3; inflammatory cell infiltration, scaled from 0-3. Semi-quantitative pathological scores were obtained by summing up the values for each specimen. Increased pathological scores indicated an increased severity of tissue damage.
MRI protocol and image analysis. MRI examinations were performed on a 3-T imager (Magnetom Verio; Siemens Healthineers, Erlangen, Germany) and a 32-channel phased-array coil. The routine abdominal MRI protocol included fat-suppressed axial and coronal T2-weighted (T2W) turbo spin-echo imaging, T1-weighted dual fast gradient recalled echo sequence (in-phase and out-of-phase sequences) and diffusion-weighted imaging (DWI) with b values of 0 and 800 s/mm 2 . The primary scan parameters are summarized in Table II . Preoperative dynamic MRI pancreatography following intravenous 0.1 mmol/kg gadolinium contrast treatment with Multihance ® gadobenate dimeglumine injection was performed using a volumetric interpolated breath-hold examination with a high-performance phased array sensitivity coding, and the reduction factor was 2.
ADC maps were automatically generated on a Syngo workstation (Syngo Multimodality Workplace; Siemens Healthineers, Erlangen, Germany) using b-values of 0 and 800 s/mm 2 . Regions of interest (ROIs) drawings were performed by consensus between 2 abdominal radiologists with 16 and 8 years of experience, respectively, who were blinded to the clinical history and radiology results. Standard ROI size was 20-45 mm 2 . A total of 3 repeated measurements on the ADC maps were calculated in the nontumorous pancreatic body and tail, which were residual following PD. Each ROI was manually placed on ADC maps. Special care was taken to avoid the tumor and the primary pancreatic duct, which would have affected ADC values.
On the fat-suppressed T2-weighted (rT2) and unenhanced rT1s, an average signal intensity (SI) of 3 repeated measurements was also calculated from the nontumorous pancreas and ipsilateral muscle. The pancreas-muscle SI ratios on rT1 and rT2 images were calculated as follows: Pancreas-muscle SI ratio=(SI pancreas/SI ipsilateral muscle).
Statistical analysis. Data analysis was performed by using SPSS software version 19.0 (IBM Corp., Armonk, NY, USA). Two-tailed P<0.05 was considered to indicate a statistically significant difference. The mean standard deviation (SD) was used to present continuous variables. The Chi-square test or Fisher's exact test was used for comparisons of quantitative parameters, and the Mann-Whitney U test was used for comparisons of qualitative parameters. The ability of ADC values and rT1 to predict the PF development was determined using the receiver-operating characteristic curve (ROC) analysis and 95% confidence intervals (CI). Point sensitivity and specificity were calculated using ROC curves.
Results

Patient characteristics.
Patient demographic characteristics are summarized in Table I . No differences were observed between the pancreatic fistula group and the non-fistula group in age, sex, pancreatic pathology and type of surgery. Significant differences in pancreatic texture during surgery and pancreatic duct size during MRI examination were identified between the two groups (Table I ). In the pancreatic fistula group, 12 patients (55%) exhibited a grade A fistula, 7 (31%) exhibited a grade B fistula, and 3 (14%) exhibited a grade C fistula.
Histopathologic results. Through measuring the grades of severity of obstructive pancreatitis using pathological scores, the score in patients within the fistula group was 5.18±1.05, whereas the score of patients within the non-fistula group was 4.32±1.32 (P= 0.021; Table III ). No differences in the areas of glandular atrophy and fibrosis between these two groups were observed. The mononuclear inflammatory infiltrates index of the fistula group was increased compared with the non-fistula group. An increased number of patients in the pancreatic fistula group exhibited a higher grade of severity of acute obstructive pancreatitis.
MRI assessment. The ADC value in the fistula group was 1.14±0.31x10 -3 mm 2 /s, which was significantly decreased compared with the value in patients in the non-fistula group, which was 1.48±0.44x10 -3 mm 2 /s (P= 0.005). The value of the rT1 in patients in the fistula group was 1.71/0.25, which was significantly increased compared with the value of the rT1 of patients in the non-fistula group, which was 1.25±0.29 (P= 0.0001). The value of the rT2 in patients in the fistula group was 0.72±0.08, whereas the value of the rT2 of patients in the non-fistula group was 0.62±0.07 (P= 0.79). No difference in the rT2 values was observed between the two groups (Table IV) .
Risk factors of pancreatic fistula. Figs. 1 and 2 demonstrate the diagnostic performance of ADC values and rT1 parameters for the preoperative prediction of postoperative PF. Based on the ROC curve, the optimal cut-off value of ADC as a criterion for the prediction of PF was 1.29x10 -3 mm 2 /s, which yielded a sensitivity of 77.3% and a specificity of 63.6%; the area under the curve (AUC) was 0.748 (95% CI: 0.605-0.891). A cut-off value of rT1 was 0.83, with the AUC ROC value of 0.885 (95% CI: 0.689-0.959). Therefore, the diagnostic performance of rT1 for the preoperative prediction of postoperative PF was better compared with the ADC value.
Discussion
PF is the primary cause of morbidity following PD, and it has been suggested that the risk for PF depends on a number of variables including age, sex, pancreatic texture and pathology, pancreatic duct size, blood loss, surgery time and surgical techniques (9, (20) (21) (22) . The results of the present study indicated that a significantly increased number of patients with PF exhibited an increased level of mononuclear inflammatory infiltrates and more severe tissue damage of the pancreas due to acute obstructive pancreatitis, as determined by histological examination, compared with patients without PF. Therefore, we hypothesized that pancreatic inflammation and edema were potential risk factors of PF, and the association between acute obstructive pancreatitis and PF was explored using routine abdominal MRI protocol.
ADC values derived from DW-MRI as a quantitative parameter, which demonstrates the Brownian motion of water molecules, may be used to assess all subgroups of acute pancreatitis stratified by the Balthazar classification (23) (24) (25) (26) . Previous radiology studies have suggested that the ADC value may be used to quantify pancreatic and liver fibrosis (27) (28) (29) ; however, it cannot be used to predict the occurrence of PF (13, (30) (31) (32) (33) . By contrast, Chang et al (34) revealed that ADC values of ≤1.3x10 -3 mm 2 /s may be used to predict the development of PF following PD as a marker of pancreatic fibrosis. In the present study, the routine MRI parameters ADC and rT1 were used to evaluate acute obstructive pancreatitis and determine its predictive ability for PF. These pancreatic MRI imaging protocols may be used to detect and characterize pancreatic and periampullary lesions (13, 24, (35) (36) (37) . The present study identified that the optimal cut-off values of ADC and rT1 as criteria for the prediction of PF was 1.29x10 -3 mm 2 /s and 0.83, respectively. These results were consistent with those from previous studies (9,33,34) . The diagnostic performance of rT1 (AUC= 0.885) for the preoperative prediction of postoperative PF was better compared with the ADC value (AUC= 0.748).
In the present study, the pathological score and the mononuclear inflammatory infiltrates of the fistula group, for example the intense degree of edema and glandular inflammation of pancreas, were increased compared with that of the non-fistula group. The likely explanation for the association between acute obstructive pancreatitis and the risk of fistula development was that the pancreatic inflammation and edema will cause anastomosis healing difficulties and the development of leakages. Even a fine needle will cause small pancreatic juice leakages following acupunture.
There were certain limitations in the present study. Firstly, the number of patients was relatively small, and the study was a retrospective analysis. A prospective diagnostic large-scale study should be performed to confirm the results obtained. Secondly, the pathological score, which was calculated in the pancreatic remnant tissue, may not have been an accurate representation of the whole pancreas. Thirdly, postoperative outcomes were not obtained during treatment. Therefore, the gathering of sufficient data was not possible.
The present study demonstrated that MRI parameters including ADC value and rt1 were significantly associated with PF, while rT2 was not. We hypothesize that ADC values and rT1 may predict the occurrence of PF prior to PD, and the prediction ability of rT1 was better compared with ADC values.
The rT1 index may be used as a preoperative predictive tool in PD, similar to the results from a previous study (9) . Therefore, these MRI parameters may be applied in predicting the possibility of PF preoperatively. Additional perioperative care should be provided to aid in decreasing the rate of complications when operating on high-risk patients.
In conclusion, ADC values and rT1 may be a powerful tool for evaluating acute pancreatic obstructive pancreatitis and be useful in predicting the occurrence of PF.
